The rumen anaerobe Vibrio succinogenes has been shown to produce large amounts of the enzyme L-asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1) (5). Because asparaginases have antileukemic activity, the vibrio enzyme was purified and characterized (3). The enzyme was found to be unique among microbial asparaginases thus far described in that glutamate is not hydrolyzed. Glutamine 
The rumen anaerobe Vibrio succinogenes has been shown to produce large amounts of the enzyme L-asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1) (5) . Because asparaginases have antileukemic activity, the vibrio enzyme was purified and characterized (3) . The enzyme was found to be unique among microbial asparaginases thus far described in that glutamate is not hydrolyzed. Glutamine (3) . The antitumor activity of the vibrio enzyme is comparable to that of the E. coli enzyme when both are tested in a standard mouse tumor system (2) .
The properties of the vibrio enzyme suggest that it may prove to be a clinically useful enzyme. If so, large-scale cultivation of the organism will be essential. Although cell extracts of V. succinogenes can contain large amounts of asparaginase, the cell yield is low (4 can be used for macromolecular synthesis. Because the growth of V. succinogenes appears to be energy limited, attempts were made to maximize the cell yield by supplying the organism with an optimal mixture of small molecules. Experiments were performed using a basal medium of ammonium formate and sodium fumarate (100 mM each), supplemented with yeast extract and several protein hydrolysates. Cultures were harvested in early stationary phase, and the levels of growth and enzyme yield typically obtained are illustrated in Fig. 2 and 3 . Yeast extract and enzyme-hydrolyzed proteins (casein or soybean meal) both supported good growth and enzyme production. However, the protein hydrolysates were required in higher concentrations ( Phase of growth. Growth experiments were performed to determine the optimal time to harvest the cells. Figure 2 presents the data obtained with an 0.4% yeast extract culture; Fig.  3 presents the data for a 2% peptone-0.8% acidhydrolyzed casein culture. The basal medium contained ammonium formate-sodium fumarate (100 mM each). It is clear that the specific activity rises during exponential and early stationary phases. Figure 4 presents a differential plot of the data presented in Fig. 2 and 3 . The linear increase in the proportion of the total cell mass that is asparaginase is indicative of enzyme synthesis in response to an inducer. The experiments shown in Fig. 2 and 3 , as well as other growth experiments, revealed that yeast extractcontaining cultures are less likely to undergo extensive lysis during stationary phase than are protein hydrolysate-containing cultures. Phasecontrast microscopy of wet mounts revealed that motility is a useful guide for harvesting the cells. The rapid motility of the organism is maintained during early stationary phase; a decline in motility indicates that the cells should be harvested.
Additional variables tested. Supplementation of media with a trace elements solution (7) appeared to increase the growth rate slightly, but was otherwise without effect. The addition of citrate at a concentration of 10 mM prevented growth from a small inoculum (0.05%). Lower concentrations of citrate were without apparent effect on growth or enzyme production. Ethylenediaminetetraacetate inhibited growth at the lowest concentration tested (0.1 mM). L-Glutamate, which has been shown to stimulate asparaginase production by E. coli A-1 (1), greatly decreased both growth rate and cell yield when added to media at a concentration of 1%. Rigorous anaerobic procedures in the preparation of media and incubation of cultures were without effect. Cell and enzyme yield were identical to cultures incubated in air and made anaerobic by 0.05% sodium thioglycolate and the depth of the liquid medium. Replacement of the thioglycolate by cysteine or sodium sulfide had no effect on growth or enzyme production. 
DISCUSSION
The experiments described in this report show that maximum production of cells and asparaginase is obtained in an ammonium formatesodium fumarate medium supplemented with either yeast extract (0.4 to 0.8%) or an enzymehydrolyzed protein (1 to 2%). Initiation of growth from a small inoculum requires that the ammonium formate concentration not exceed 100 mM and the sodium fumarate concentration not exceed 125 mM. Higher concentrations of either or both frequently lead to inhibition (4) . The reducing agent added to provide anaerobiosis may be 0.05% sodium thioglycolate, 0.05% sodium sulfide, or 0.05% cysteine-hydrochloride.
Fumarate, the terminal electron acceptor of the cytochrome system, is a more effective media component than the compounds that are intracellularly converted to fumarate. Experiments utilizing aspartate, asparagine, or malate yielded variable and often nonreproducible results. Nitrate, which is also a terminal electron acceptor of the cytochrome system, was not investigated. Although good enzyme production occurs in nitrate media (5) , growth is poor (4), probably as a result of nitrite accumulation and a sharp rise in pH.
The requirement of ammonium ions for good enzyme production is interesting because these ions are a product of the asparaginase reaction.
It is also apparent that maximum enzyme production occurs in a medium containing ammonium ions and fumarate: asparaginase has no obvious metabolic role in such an environment. It is difficult to even speculate on the regulation of asparaginase synthesis since, aside from the electron transport system (6, 8) , little is known of the organism's metabolism. Figure 4 indicates that asparaginase synthesis occurs in response to an inducer present in the medium. The data suggest that ammonium ions are involved, but since these experiments were performed in complex media it is impossible to rule out the existence of a coinducer. (9) retain their viability, when stored at 4°C, for at least 3 months. It is possible that asparaginase catalysis at 4°C is responsible for the loss of viability. However, cells grown in the Wolin medium also contain significant amounts of asparaginase (5) .
The data obtained in this investigation may be compared with the published data for E. coli A-1. Barnes et al. (1) showed that this strain, a good asparaginase producer when compared with literature reports for other organisms, yields a maximum of 27 IU/ml of culture. V. succinogenes, in the best medium developed in this investigation, yielded about 2.5 IU/ml of culture. This 10-fold difference must be viewed against the 30-to 40-fold energetic advantage possessed by E. coli growing aerobically on glucose (the conditions used by Barnes et al. [1] ) compared to anaerobic growth of V. succinogenes on formate-fumarate. Since the E. coli and V. succinogenes enzymes have similar Km's towards asparagine, and the vibrio enzyme is a slightly larger protein (molecular weight, 146,000 versus 135,000 for the E. coli enzyme), it appears that when both organisms are grown under conditions that maximize asparaginase synthesis, V. succinogenes is actually devoting a larger fraction of its metabolic resources to asparaginase synthesis than is E. coli A-1.
The study of V. succinogenes asparaginase was originally undertaken in an attempt to provide a new, clinically useful enzyme. The present investigation was begun in an attempt to optimize the production of the enzyme. It appears that the original goal of these studies will be achieved, but it also appears that these studies have raised a number of physiological questions about an unusual microorganism.
